| INTRODUCTION
Rheumatic fever (RF) is a frequent cause of valve disease in developing countries. Even in Western countries, it remains a significant problem, despite the striking decrease in its prevalence and still accounts for 12% of native valvular heart disease. 1 Thromboembolic events are the major cause of morbidity and mortality in patients with mitral stenosis (MS). 2 Although thromboembolic events are usually seen in MS patients with atrial fibrillation (AF), those with sinus rhythm (SR) also have an increased thromboembolic risk. Presence of spontaneous echo contrast (SEC) in left atrium (LA) is the strongest predictor of thromboembolic events, and the risk increases with the density of SEC. 3 The mitral annulus has an important role in LA function. 4 Owing to inflammation and scarring process, the excursion of mitral annulus is restricted and annular velocities obtained by tissue Doppler imaging (TDI) are reduced in patients with MS. 5 It has been shown that reduction in annular systolic velocity reflects the reduction in LA systolic function. Transesophageal echo (TEE) has been used to characterize left atrial appendage (LAA) structure and function. Normally, highly dynamic nature of LAA prevents stasis. However, decreased contractility of the LAA is associated with the development of SEC and thrombus, and it has been shown that LAA dysfunction is an independent predictor of thromboembolic events.
The most widely accepted method for assessing LAA function is the measurement of LAA late emptying velocity (LAAEV) using pulsed wave Doppler (PWD) on TEE, and reduced LAAEV (<25 cm/s) represents LAA dysfunction. 6, 7 Left atrial appendage (LAA) has a close anatomic and functional relation with lateral annulus, and thus, annular velocities obtained by TDI may reflect LAA function.
| Aims and objectives
We wanted to compare LA SEC, mitral annular systolic velocity (Sawave), LAAEV, LAA filling velocity (LAAFV) before and after percutaneous balloon mitral valvuloplasty (PBMV) and also to examine the value of Sa-wave, LAAEV in assessment of LAA dysfunction. We wanted to study the correlation between LA SEC and LAA function and also study the association of LA SEC with inflammatory marker high-sensitivity C-reactive protein (hs-CRP) in MS patients to assess the prothrombotic state and thus predict the risk of formation of SEC.
| MATERIALS AND METHODS
This is a prospective study consisting of 100 patients with symp- Inclusion criteria: Patients of all age groups, with evidence of severe MS (MVA < 1.0 cm²), were included in the study.
Exclusion criteria: Patients with coronary artery disease, mitral regurgitation greater than 2/4, severe aortic valve disease, AF, pregnancy, patients who had hypertension, diabetes mellitus, congenital heart disease, left ventricular systolic dysfunction, patients using antiplatelet or anticoagulant drugs, and patients unwilling to participate were excluded from study.
Ethics committee clearance was taken for the study.
| Echocardiographic study

| Transthoracic echocardiography (TTE)
All participants underwent TTE and TEE evaluation using available equipment (Philips iE33, Amsterdam, The Netherlands). Transthoracic echo (TTE) was performed using S1-5 MHz transducer. Twodimensional and Doppler echocardiographic studies were performed in the left lateral decubitus position with conventional views (parasternal long, short-axis, and apical four-chamber view) according to the American Society of Echocardiography guidelines. 8 Mitral valve area (MVA) was calculated by direct planimetric method on short-axis view during diastole and by pressure half-time method. The mean and peak diastolic trans-mitral pressure gradients were measured from apical four-chamber view.
| Tissue Doppler imaging
Tissue Doppler imaging (TDI) was performed in the apical fourchamber view, and PWD sample volume was placed in lateral annulus as described previously. 9 Three major velocities were recorded: one positive Sa-wave and two negative diastolic velocities (Ea-and Aawaves). The peak systolic and diastolic velocities were measured at a sweep speed of 50 mm/s ( Figure 1 ).
| Transesophageal echocardiography
Transesophageal echo (TEE) was performed using 5-MHz multiplane TEE probe. A careful study of the entire atria, including the LAA, was High-sensitivity C-reactive protein (hs-CRP) assay was performed at admission before PBMV using Beckman system pack on Beckman DxC600 auto analyzer (Beckman Coulter, Brea, CA, USA) by endpoint
Immunoturbidimetry. All procedures including standard TTE, TDI, and TEE examinations were repeated 14 days after PBMV. 
| RESULTS
The mean age of study population was 33.2 years. Majority (71%) of our patients were females. The mean Wilkins score was 7.9 ± 0.9. The demographic and clinical characteristics of study population are summarized in Table 1 .
The mean left ventricular ejection fraction was 62.4%, and mean LA diameter was 42.4 ± 4.5 mm. The mean pulmonary artery systolic pressure was 52.9 mm Hg. There was a increase in MVA (0.9 ± 0.1 to 1.7 ± 0.1 cm 2 ; P < .01), and fall in mitral valve peak gradients (MVPG) (32.3 ± 8.8 to 11.7 ± 3.1 mm Hg; P < .01) and mitral valve mean gradients (MVMG) (24.1 ± 7.3 to 6.1 ± 1.7 mm Hg; P < .01) and preand post-PBMV. Improvement of LAA function was seen post-PBMV.
LAAEV increased from 23.0 ± 7.9 to 40.9 ± 8.4 cm/s (P < .01), LAAFV increased from 31.8 ± 9.3 to 51.2 ± 8.7 cm/s (P < .01), and there was decrease in SEC grade from 2.8 ± 0.9 to 0.4 ± 0.1 (P < .01) pre-and post-PBMV (Table 2) .
On TDI, mitral annular velocities showed improvement with PBMV as evidenced by increase in Sa from 6.1 ± 1.3 to 9.6 ± 1.4 cm/s, Ea from 6.3 ± 1.4 to 9.8 ± 2.3 cm/s, Aa from 4.5 ± 1.3 to 7.6 ± 2.3 cm/s (P < .01) ( Table 3) . Correlation between pre-PBMV Sa-wave and LAAEV was positive and significant (r = .52, P < .01, CI 0.36-0.65) ( Figure 3A) . Correlation between pre-PBMV Aa-wave and LAAEV was positive and significant (r = .20, P < .03, CI 0.01-0.38) ( Figure 3B ).
There was no significant correlation between pre-PBMV Ea-wave and LAAEV.
The mean hs-CRP in the study group was 2.4 ± 2. In ROC analysis, hs-CRP showed largest area under the curve (AUC 0.655, CI 0.553-0.747, P < .01) for prediction for LA/LAA SEC.
Optimal cutoff value of hs-CRP for prediction of moderate to dense SEC was >2.3 mg/dL with sensitivity of 49.2%, specificity of 86.5%, positive predictive value of 44.4%, and negative predictive value of 88.6% ( Figure 5 ).
Clinical events after PBMV were defined as death, mitral valve surgery or repeated PBMV, and thromboembolic events. An improvement of valve area to less than 1.5 cm 2 was seen in three patients, moderate mitral regurgitation (MR) developed in 4 patients, and there were no deaths, mitral valve surgery or repeated PBMV, thromboembolic events in patients and further follow-up is needed.
| Predictors of LA/LAA SEC
| Univariate regression analysis
Univariate regression analysis showed that lower Sa-wave velocity (6.1 ± 1.3 cm/s), higher hs-CRP (2.4 ± 2.3 mg/dL), lower LAAEV (23.0 ± 7.9 cm/s), lower LAAFV (31.8 ± 9.3 cm/s) were predictors of moderate to dense SEC. More severe New York Heart Association (NYHA) functional class dyspnea (III-IV) was predictor of LA/LAA SEC.
| Multivariate regression analysis for prediction of pre-PBMV moderate to dense SEC
Multivariate regression analysis showed that lower Sa-wave velocity, lower LAAEV, lower LAAFV, and higher hs-CRP levels were independent predictors of moderate to dense SEC. But hs-CRP had predictive value in both mild and moderate to dense SEC patients. Odds ratio was calculated with logistic regression analysis and is shown in Table 4 . 
| Multivariable regression analysis predicting improvement of the LA function after the PBMV
Multivariate regression analysis showed that higher Sa-wave velocity, higher LAAEV, lower hs-CRP levels and lower SEC grade, lower left atrial diameter were independent predictors of LA function improvement after PBMV. Odds ratio was calculated with logistic regression analysis and is showed in Table 5 .
| DISCUSSION
In MS, chronic tension in the LA and LAA from pressure overload results in electrophysiological and electro-anatomic changes. Mitral annulus has an important role for LA and left ventricular (LV) function by moving throughout LV long axis. [12] [13] [14] In patients with MS, LV, LA, and LAA functions are impaired and the excursion of mitral annulus is reduced due to scarring and inflammatory processes. 15 The LV long-axis function which is a useful echocardiographic index of LV systolic function can be evaluated by measuring Sawave velocity obtained by TDI. The excursion of the mitral annulus accounted for approximately 20% of the total LV filling and emptying in healthy subjects. Furthermore, mitral annular movement contributes to LA filling by creating a suction effect during systole and it contributes to LA emptying by decreasing LA volume during diastole. [12] [13] [14] In our study, the LAAEV pre-PBMV was lower than normal, and we found a significant increase in LAAEV post-PBMV. Similar to our study, Tatani S.B et al. 16 found a significant improvement of the left appendicular flow after PBMV. It has been reported that annular velocities obtained by TDI are reduced in patients with MS. 15, 17 We also showed that annular velocities are reduced in MS. In our study, there was a positive correlation between annular systolic and late diastolic velocities with LAAEV and reduction in annular velocities, corresponded closely with reduction in LAAEV.
Furthermore, a reduction in annular velocities corresponded with an increase in SEC frequency and density. Thus, the annular systolic and late diastolic velocity alterations reflect the changes in LAA function. The LAA flow-pattern and velocities are influenced by changes in LV and LA function. It was reported that marked elevation of LA pressures may reduce LAA emptying velocity and lead to thrombus formation in LAA. In our study, cutoff value of Sa-wave was ≤5.5 cm/s for prediction of presence of LAA dysfunction. Annular velocities showed significant improvement after PBMV.
Hoit et al. 18 and Bilge et al. 19 showed the effect of elevated afterload on LAA functions and elevation of afterload imposed on the LA and LAA might play an important role in decreased LAAEV and formation of LA SEC and thrombus. LAAFV which was lower before PBMV showed significant improvement post-PBMV in our study.
In patients with MS, the low shear and flow velocity condition lead to red blood cell aggregation through binding between red blood cells and plasma proteins. Thus, SEC can appear in the LA and subsequently increase the chances of LA clot formation and embolic phenomenon.
In our study, we observed SEC in 72 patients, which completely disappeared in 61 patients after PBMV. Bernstein NE et al. 20 reported SEC in 21 of 47 patients (45%) with MS in SR, and Karakaya et al. 21 found that SEC completely disappeared in 7 of 20 patients with MS in SR post-PBMV. Vijayvergiya et al. 22 also observed significant improvement in the grading of SEC post-PBMV. High-sensitivity C-reactive protein (hs-CRP) is a marker of inflammation and has been shown to increase the risk of stroke. LA SEC seems to reflect blood stasis within the left atrium and its presence has been associated with thromboembolic events, independent of the existence of atrial fibrillation. 23, 24 In our study, 25 found that mean hs-CRP levels in patients with SEC were 1.8 ± 2.2 mg/dL and they found elevated hs-CRP levels significantly associated with SEC.
In present study, the factors that favored the development of moderate to dense SEC are lower Sa-wave velocity, higher hs-CRP, lower LAAEV, lower LAAFV, and more severe NYHA functional class of III and IV. So, lower Sa-wave and higher hs-CRP could be considered as indications for anticoagulation in MS patients with SR.
In our study, cutoff value of Sa-wave was ≤5.5 cm/s for predicting the presence of LAA dysfunction. It is lower than other studies. 26 Spontaneous echo contrast (SEC) is also seen in more number of our patients compared to other studies as described previously, as our study considered patients with severe symptomatic MS only. There is significant increase in annular velocities and significant decrease in SEC after PBMV.
In present study, factors that favored improvement of LA function after PBMV were higher Sa-wave velocity, higher LAAEV, lower hs-CRP levels and lower SEC grade, lower left atrial diameter.
| Clinical implications
Inactive LAA is an independent predictor of the development of SEC, thrombus, and finally thromboembolic events. 
| CONCLUSION
Postpercutaneous balloon mitral valvuloplasty (PBMV) improves
LAA function in patients with MS. Higher Sa-wave velocity, higher LAAEV, lower hs-CRP levels and lower SEC grade, lower left atrial diameter were independent predictors for improvement of LA function. Sa-wave is an independent predictor of inactive LAA and a useful parameter in diagnosing inactive LAA in MS with SR.
Sa-wave and hs-CRP are independent predictors for SEC. Lower Sa-wave, higher hs-CRP could be considered as an indication for anticoagulation in MS patients with SR, and it needs further evaluation.
| Limitations
We provided no normal control group, and long-term follow-up is absent.
Undiagnosed intermittent AF could not be ruled out in our study population.
High-sensitivity C-reactive protein (hs-CRP) levels are elevated in many conditions. However, in this study, these patients were excluded, but undiagnosed conditions might have been missed.
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